Abstract-Estimating absolute risk rather than measurement of blood pressure alone is considered the best way to identify those who would most likely benefit from medical intervention. Risk calculators used to estimate risk in those without previous cardiovascular disease (CVD) events are based on the Framingham Heart Study, which had no person Ͼ74 years of age at baseline. This needs to be addressed, because age is the most important determinant of risk. We estimated the predictive value of 3 risk equations for CVD end points in the Second Australian National Blood Pressure study cohort (mean age: 71.9 years at baseline). Observed and predicted 5-year incidence rates, 2 goodness-of-fit tests, and Harrell C statistic and area under the receiver operator characteristic curve were used to assess the ability of the equations to predict CVD outcomes over 5 years. A recalibration analysis was undertaken. Significant (PϽ0.05) 2 goodness-of-fit statistics were observed using each of the risk equations for myocardial infarction, coronary heart disease, stroke, or CVD morbidity or mortality across age groups and both sex. All of the overall C statistics or the area under the receiver operator characteristic curve indicated modest discrimination of the algorithms for prediction of the outcomes for coronary heart disease and CVD morbidity and mortality, myocardial infarction, or stroke (Framingham); cardiac death (Pocock); and CVD events (Dubbo). Recalibration analyses showed that it would be inappropriate to apply the risk equations to the Second Australian National Blood Pressure study population. New risk equations for CVD events in the hypertensive aged are needed. (Hypertension. 2010;56:44-48.)
O ne in 4 adults worldwide is estimated to have hypertension. 1 Prevalence rises with age. For example, in the United States, 71% of those aged Ն65 years have hypertension. 2 Hypertension is associated with an increased risk of a number of major cardiovascular disease (CVD) events, including stroke, acute myocardial infarction, and heart failure. The relationship between blood pressure and such events is exponential and is steeper with increasing age. Other factors, such as cigarette smoking, increased serum cholesterol concentration, and diabetes mellitus, are independent risk factors for CVD events and enhance the risk of such events in hypertensive individuals. 3 The inclusion of all known risk factors in an individual's profile determines his or her "absolute risk" of experiencing a subsequent cardiovascular event within a defined period of time (usually 5 or 10 years). Traditional thinking in hypertensive patients has been that it is the level of blood pressure that is particularly important in determining whether an intervention (eg, lifestyle modification or drug therapy) is indicated. 3 However estimating an individual's absolute risk of CVD events has proven to be a superior method for guiding treatment compared with use of one risk factor, such as blood pressure. 4 The concept of using "absolute cardiovascular risk" to guide therapy has now been incorporated into major guidelines relating to the treatment of known CVD risk factors. [5] [6] [7] [8] [9] [10] [11] An individual's absolute cardiovascular risk is usually determined by applying regression equations derived from prospective population studies, the best known of which is the Framingham Heart Study initiated in Framingham, Massachusetts, in the late 1940s. 12 Such equations acknowledge the multifactorial causation of CVD, sex differences in disease incidence, and the steep increase in risk with aging. The risk scores obtained from these regression equations have proven to be very useful but have potential problems when applied to special high-risk groups not represented in the Framingham population. For example, no persons aged Ͼ74 years were enrolled at baseline in that study, 13 and more than half of the initial cohort were aged Ͻ50 years.
Other risk equations have also been developed. The Pocock equation was developed specifically for use in patients with hypertension. 14 It used data from 8 large randomized, controlled trials of antihypertensive treatment including from 840 to 17 354 individuals recruited from European and North American populations. This should potentially have the best predictive value in other cohorts of individuals with hypertension, but 2 of the 3 largest trials, which accounted for more than half the participants included in the analysis, excluded participants aged Ն65 years at study entry, and all of the studies were conducted in the 1970s and 1980s. The equation derived from the Dubbo Study relates to a prospective cohort study of Australians aged Ն60 years, which commenced in 1988. 15 Only half of this cohort had hypertension at baseline. 16 In the current study we aimed to compare outcome predictions using the Framingham, Pocock, and Dubbo risk equations [13] [14] [15] in an elderly population of individuals with hypertension who participated in the Second Australian National Blood Pressure study (ANBP2) 17 with their observed outcomes. The primary hypothesis tested was that absolute risk assessment for the hypertensive aged should be based on algorithms derived from age-specific local and contemporary populations rather than from the Framingham Heart Study, as is usual practice at this time.
Methods

Study Population
ANBP2 was a prospective randomized trial conducted in Australian general practices in 1995-2001 that compared angiotensinconverting enzyme inhibitor-and diuretic-based therapies in people with hypertension. The study included 6083 hypertensive participants aged 65.0 to 84.0 years (mean: 71.9 years) at study entry. 17 The majority were previously healthy (8% had a previous coronary heart disease event, 5% a cerebrovascular event, and 7% had diabetes mellitus). Other baseline characteristics are published elsewhere. 17 The participants in ANBP2 were followed for a median of 4.1 years, during which time 1431 had a CVD event (coronary events including myocardial infarction, other cardiovascular events including heart failure, and cerebrovascular events including stroke) or died.
Measurement of CVD Risk Factors in ANBP2
Individuals enrolled in ANBP2 needed to have an average untreated blood pressure while sitting of Ն160 mm Hg systolic or Ն90 mm Hg diastolic (if systolic BP was Ͼ140 mm Hg). This was determined from measurements taken at 2 office visits (3 readings on each occasion) Ն1 week apart by a study nurse using a mercury sphygmomanometer with a cuff appropriate for arm size. All of the participants had either not previously received antihypertensive treatment or had such treatment ceased Ն2 weeks before these measurements ("randomization" blood pressures). Sitting blood pressure was also measured at the first screening visit before cessation of previous antihypertensive therapy ("baseline" blood pressure).
At study entry, if no relevant measurements had been made in the previous 12 months, nonfasting venous blood was taken to determine total and high-density lipoprotein cholesterol concentrations, blood glucose, and glomerular filtration rate, which was calculated using the Modification of Diet in Renal Disease Study equation. 18 Cigarette smoking status and family history of CVD were ascertained by self-report. Diabetes mellitus, left ventricular hypertrophy, personal history of CVD, and antihypertensive and other medication use were documented by the usual treating physician.
This study had approval from the Tasmania 
Statistical Analysis
Baseline CVD absolute risk was calculated using the data at study entry for all of the ANBP2 participants and the Anderson 1991 equation from the Framingham study, 13 as well as the Pocock 14 and Dubbo 15 equations. The Anderson equation, rather than more recent algorithms derived from the Framingham data set, was used, because it was contemporary with the conduct of the ANBP2 study recruitment phase (1995) (1996) (1997) (1998) . These estimates of risk were then compared with the actual event rates observed in the ANBP2 cohort. This was done with the risk estimate/score treated as continuous and categorical variables. Predicted risk was categorized as mild (Ͻ10% 5-year risk of a major adverse cardiovascular event), moderate (Ն10% to Ͻ15% risk), high (Ն15% to Ͻ20% risk), or very high (Ն20%) based on the New Zealand cardio-risk chart by sex and age groups for major fatal and nonfatal CVD events derived from the Framingham Heart Study. 9 Analysis was performed using both randomization and baseline blood pressure measurements.
Three methods were used to assess risk prediction with each algorithm.
2 goodness tests (overall and stratified by sex) were used to compare observed values with those predicted. Discrimination of the Anderson and Pocock algorithms was assessed using Harrell C statistic and the area under the receiver operator characteristic curve (AUC) for the Dubbo algorithm. 19 We calculated the CIs for the C statistics using a jackknife estimator. Finally, the product limit survival estimates for the Anderson and Pocock algorithms were stratified by age, sex, and the various risk categories defined above, and then the observed and predicted 5-year event probabilities and total number participants were obtained for each group. For the Dubbo algorithm, a similar method was undertaken using the predicted values rather than the product limit survival estimates, and the number of events observed and predicted and total participants were calculated for each group.
A recalibration analysis was undertaken. 20 The linear predictors (excluding the intercept) from the published Framingham and Dubbo models were used to re-estimate the coefficients in the regression models to predict event rates in the ANBP2 data. There was insufficient detail in the study by Pocock et al 14 to construct linear predictors, and, hence, recalibration using this model was not performed.
Results
Observed and predicted event probabilities by sex and age groups using the 3 different prediction methods are shown in Tables 1 to 3 . Table 1 shows that the Framingham risk equation only moderately predicted CVD events in the ANBP2 cohort. It also suggests that this equation generally overestimated CVD mortality, except for older men, where it underestimated CVD deaths. Table 2 shows modest agreement between observed and predicted CVD deaths by the Pocock score, although here there was underestimation in the very old in both sexes. Table 3 shows that the Dubbo score generally estimated events in both sexes and all of the age groups better than the other 2 equations. The overall (ie, unstratified by covariates) goodness-of-fit tests for the Framingham, Pocock, and Dubbo risk equations were all statistically significant (PϽ0.001), indicating that the observed values varied from the predicted values more than could be ascribed to chance. When event probabilities were assessed by risk category (data not shown), the risk equations performed better but imperfectly, except All overall C statistics and the AUC (Table 4) showed that the 3 risk scores generally poorly discriminated cases from noncases. Results are not presented for the baseline blood pressure analyses because they did not significantly differ from those based on randomization blood pressures.
Recalibration analyses showed, not unexpectedly, that, for some outcomes there were differences in the event rates between the ANBP2 population and the Framingham population (coronary heart disease [CHD] death) or Dubbo population (CVD; see intercepts, Table 5 ). The relationships of the outcomes, CHD death, and CVD death (Framingham), as well as CVD (Dubbo), with the risk factors were different for the ANBP2 population and the Framingham or Dubbo populations, indicating that it would be inappropriate to apply the risk equations to the ANBP2 population.
As shown in Table 5 , there were no differences between ANBP2 intercepts and those published from Framingham for the outcomes of CHD, myocardial infarction, stroke, and CVD. However, for these outcomes, there were differences in both the Weibull scale and shape parameters, which would explain the inability of the Anderson model to predict our event rates. This indicates that, for these outcomes, the coefficients of the predictors could be used, but the models would need to be refitted to produce new Weibull scale and shape parameters using our data.
Discussion
The CVD risk calculators commonly used in clinical practice to estimate future risk of cardiovascular events are most often based on the logistic regression equations generated from observations made since the late 1940s relating to citizens in the town of Framingham. The 1991 Framingham equation is derived from the Framingham cohort study data set and has been widely adopted because it allows estimates of total CVD events rather than individual coronary or stroke events. 13 In its source cohort, the Framingham risk score (FRS) derived from the 1991 Framingham regression equation has good discrimination (AUC: 0.763 [men] and 0.793 [women]). 13 Although it is arguable as to what constitutes a "good score," it has been suggested that an AUC Ͼ0.8 represents good discrimination, 0.6 to 0.8 is moderate, and Ͻ0.6 is poor. 21 However when applied to our aged hypertensive cohort, the FRS was less predictive, tending to overestimate risk, except for CVD mortality in older men, where it underestimated risk. This modest predictive performance was moderated by treating risk as a categorical variable. The Pocock score showed poor agreement between observed and predicted CVD deaths. All of the overall C statistics and the AUC corroborated this poor performance.
Our findings relating to comparison with the predictions from the Framingham data are consistent with other studies. A study similar to our own looking at prediction within the Data derived from Reference 13. *CVD includes myocardial infarction, CHD and CHD death, stroke, CHD, peripheral vascular disease, and CVD death. Hypertension July 2010
International Nifedipine GITS Study: Intervention as a Goal in Hypertension Treatment Study 22 showed an overestimation of CHD risk but reliable estimation of stroke risk. 23 In a Dutch community-based prospective cohort study of people aged Ն75 years, the receiver operator characteristic AUC for CVD mortality was 0.60 (95% CI: 0.49 to 0.69). 24 A study nested within the Leiden 85-Plus Study showed that the FRS also did not predict subsequent CVD mortality (AUC: 0.53 [95% CI: 0.42 to 0.64]). 25 Increasing age is the most important determinant of CVD risk in groups with elevated blood pressure. 3 Risk algorithms would be most useful if they could also be applied to those in an extremely common subgroup of older people, such as those with hypertension. The pattern of CVD incidence in the elderly population is also different compared with that observed in younger age groups. In particular, the relationship between increased age and stroke is very strong and, related to this, elevated blood pressure has the highest populationattributable risk for stroke. 26 Because of the deficiencies in the applicability of the FRS to populations not represented in the Framingham data, various groups have looked at new risk scores for prediction in the older population. Generally they show modest-poor predictive value of the FRS and marginally better, although not necessarily statistically significantly so, predictive value of their own. [27] [28] [29] [30] For example, the British Women's Heart and Health Study reported a receiver operator characteristic AUC of 0.66 (95% CI: 0.62 to 0.70) for CHD morbidity and mortality, 0.67 (0.64 to 0.71) for CVD morbidity and mortality for their own equation, and 0.65 (95% CI: 0.61 to 0.68) and 0.66 (0.62 to 0.69), respectively, for the FRS. 30 The specific age limitations of the FRS have been addressed by other groups who have studied elderly cohorts, such as the Australian community-based Dubbo Study of the elderly (the Dubbo equation) and those using participants included in other hypertension treatment outcome trials 15, 16 (the Pocock equation). Other proposed solutions to the limitations of the FRS as a predictor of outcome in older people include the addition of new biomarkers, such as C-reactive protein 31 and albuminuria, 32 to improve predictive power.
In summary, the Framingham and Pocock risk equations and the Dubbo score were, at best, modest predictors of CVD events in the ANBP2 cohort, generally underestimating risk, especially in the very old. New risk equations for prediction of CVD risk in the hypertensive aged are needed. The most appropriate absolute risk assessment for the hypertensive aged should be based on algorithms derived from older local and contemporary populations, such as the ANBP2 cohort.
Perspectives
The Framingham and Pocock risk equations and Dubbo score were, at best, modest predictors of CVD events in the ANBP2 cohort, generally underestimating risk, especially in the very old. New risk equations for the hypertensive aged are needed. 
